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Classical image charge theory is inadequate to explain even the ad-
sorption heats obtained for alkali metals on tungsten. This communica-
tion proposes an equation for calculating the heat of adsorption of any
ibn on any metal at coverages sufficiently low to allow the neglect of
in?eractions between neighboring adsorbed ions.\iThe adsorption energies
;rise from the superposition of (1) the interaction ?5 of the net ilonic
charge with the metal and (2) & Van der Waals type interaction ¢, of
the instantaneous dipole moment of the ion with the metal.

For ¢4 1t is necessary to use a quantum mechanically corrected
image cherge expression, since the ions approach to within 1/2 to 2

angstroms of the metal surface. Sachs and Dexterl_has proposed such an

expression:
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P = %ﬁ - 1/2 e” (1)

}
4R?

where R 1is the distance from the surface to the center of the ion,
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and B 1s a constant. The energy arising from the polarization of an

1R. G. Sachs and D. L. Dexter: Jour. Appl. Phys. 21, 1304 (1950).
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adsorbed particle has been studied by Prosen and Sachs® and is given by

ek, 1n(2k R)
cPW = 3 2 s (3)
(2x) R

vhere o« d1is the electronic dipole polarizability of the adsorbate and
- 2 1/3
k= (3x ng) / . (4)

Adding (1) and (3), gives the complete expression for the heat of

adsorption of ions on a metal at zero coversge:

2 .2
. e 1/2 o2 ety 1n(2k,R)
4R 4R (2x)3 RZ

. (5)

Implicit in Eq. (5) and in the choice of ionic values of polariza-
bility (Table I) has been the assumption thet a particle which desorbs
as an lon must have had the properties of an ion prior to desorption.
Hughes3 in his adsorption lifetime studies has found evidence to sup-
port this,

The free electron density for tungsten is one per 105 a3

or based on

a lattice constant of 3.16 R and the assumption of one free electron per
atom. For rhenium, ny is one per 100 ag againpd with the assumption
of one free electron per atom and lattice constants a = 2.78 R and

c = 4.46 R. In the absence of a reported value for the polar?zability
of singly ionized barium, an approximation was necessary. The polariza-

bility is a function of both the electron distribution and particle size.

Since barium has the same electron distribution as cesium except for an

2E. J. R. Prosen, and R. G. Sachs, Phys. Rev. 61, 65 (1942).

SF. L. Hughes, Phys. Rev. 113, 1032 (1959). é )
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extra electron, the approximation used was

a@Qﬁ__MB§+)
a(Cso) B a(Cst) | (6)

where a(Baf+)4 was taken as 1.68 85 and oc(Cso)5 as 67.7 R°.

To apply (5), it is necessary to evaluate R and B. R is the dis-
tance from the nucleus of the ion to the metal surface. However, the lo-
cation of this "surface" is not well defined. Physically it is that plane
on which all excess electrons would collect. B 1is a constant which Sachs
and Dexter‘estimate as B = 0.46. However, their approximations appear
to make B too high. This is substantiated by Cutler and Gibbons® in
two instances. For sodium, @W(Na—W) = 0.04. Substituting this value in
(5) allows us to relate R and B by minimizing ¢ with respect to R.
Using this relation in (5) gives an expression for ¢(Na-W) in terms of
B. B can now be evaluated by equating ¢(Na-W) to the reported value
of 2.50 ev. The result of this calculastion is B = 0.35. TFrom the
minimizing relation one obtains R = 0.73 K.

Using hard sphere models, the 110 plane of tungéten, and R =0.73 X
places the metal surface at 0.93 X from the plane through the centers of
the outermost layer of atoms. This is 70.8 percent of the distance from
the center of the surface layer of atoms toward the outermost tangent to

the surface, which is a physically reasonable result. There is sufficient

K. Fajans, and G. Joos, Z. Physik 23, 1 (1924).

R. M. Sternheimer, Phys. Rev. 127, 1220 (1962).

6P. H. Cutler, and J. J. Gibbons, Phys. Rev. 111, 394 (1958).
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evidence to Justify the assumption that for the tungsten emitters the
emitting surfaces were essentially 110 planes.7’8’9

R was calculated for rubidium and cesium ions on tungsten by the
same hard sphere model. In this calculation the same value of B = 0.35
was retained, and the same location of the surface as given above was
used. The rhenium surface was also assumed to be located 70.8 percent
of the distance toward the plane tangent to the outermost layer of atoms.
R for cesium ions on rhenium and singly ionized bariu}ﬂ;n rhenium was
also calculated on the basis of a hard sphere model. The emitting face
was assumed to be the 0001l plane. TFor a hexagonal close packed crystal
this is the closest packed plane in direct analogy with the tungsten
emitter. While Eq. (6) is not exact (the polarization term considers
only dipole-dipole interactions) the results obtained (téble I) are
generally good. Two of the systems considered have calculated values
within 20 percent of the experimental values, while the other two
(Cs*-W; Ba'-Rh) are within 10 percent.

For the adsorption of alksli ions, it is seen that the major bonding
is due to the image force of the net charge of the ion. However, for
barium, the polarization contributes most. Even among the alkali metals,
the polarization effect cannot be neglected as it is primarily the dif-
ference in polarizasbilities that accounts for the heat of adsorption of

Cs on W being higher than that of Rb on W.
The guthor wishes to thank K. P. Luke for suggesting the problem.
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TABLE I. - PHYSICAL QUANTITIES.NEéESSARY FOR USING EQ. (5) AND

COMPARISON OF EXPERIMENTAL AND CALCULATED HEATS OF ADSORPTION

System a,lo Tonic gadii,ll R, Py Puys Pealer | Pexp’
RB A 2 ev ev ev ev
Nat-w | 0.152 0.95 0.73| 2.460| 0.037| 2.50 | 2.5012
Rb'-W | 2.920 1.48 1.44| 1.875| 0.398| 2.27 | 1.90"
cst-w | 5.600 1.69 1.69| 1.660] 0.632| 2.29 | 2.1613
Cst-Rh | 5.600 1.69 1.69] 1.660| 0.632| 2.29 | 2.0114
Be"-Rh | 20. 328 1.53 1.48] 1.823| 2.668| 4.49 | 4.711%
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